Introduction
The Total Pollutant Load Control System (TPLCS) was introduced in Japan in 1979 in an effort to reduce the total volume of contaminated organic substances discharged into enclosed water bodies that had significant contamination, such as Tokyo Bay, Ise Bay and the Seto Inland Sea. In order to achieve improvement in the water quality of these marine areas, specific target The Tokyo Metropolitan Government defines a red tide as having the following characteristics: (1) sea water is brownishred, yellowish-brown, green, etc.;
(2) transparency is lowered to less than 1.5 m;
(3) microscope observation shows a large number of red tide phytoplankton, and (4) the chlorophyll concentration (total volume of chlorophyll-a and pheo-pigments by the Lorenzen method) is ≥ 50 mg/m 3 (excluding zooplankton without chlorophyll). This study uses the same standard to designate red tide events.
A previous report examining the significance of the relationship between the dynamic state of red tide and nutrients found a "significant correspondence between the number of red tide occurrences and water quality control (Honjo, 1991) " in Seto Inland Sea. However, the red tide phenomenon is complex, and even detailed studies of nutrient loading and red tide occurrences have turned up no direct relation between red tide and nutrient salt (Okaichi, 1997) ".
Here, we examine the trends in the abundance of S. costatum, a diatom which appears throughout all seasons in the inner bays (Kokubo, 1960) . S. costatum was the most dominant species in the red tide surveys by the Tokyo Metropolitan Government and was found to often cause red tides. Multiple regression analysis was used to analyze the variation in S. costatum by volume when it "is not in an active proliferation phase (Chl-a/ pheo-pigment ratio of 0-0.9.)." Typically, red tide is a difficult phenomenon to characterize biologically or statistically, as it is an abnormal proliferation of plankton However, in the nonbloom phase, a normal distribution can be obtained and used in statistical analysis. This is an important attempt to clarify the factors related to a reduction of S. costatum, and it may also permit elucidation of the relationship between the reduction in N and P and red tide (Suzuki, 2007; 2008 and used in analysis. The data was split into two groups at 1999
to reflect the reduction in the volume of inflow load from 1999 to 2004 (inflow load, or total effluent amount, data is announced every five years, corresponding to the duration of the TPLCS.
For the candidate objective variables (hereafter, "Red Tide
Index"), the number of cells of Skeletonema sp. was selected because it is a dominant species in the "red tide judgment standard" and it has a tendency to be reduced. Variance inflation factors were considered as candidate explanatory variables and were selected from the survey items that do not exhibit multicollinearity.
Since the number of cells is a pure biotic indicator, a mul- 
Results
Multiple regression equation in the assumed non-active prolif- Thus, multicollinearity is not suspected.
The p-value of the multiple regression equation for the nonactive proliferation phase was statistically significant (p < 0.05). 
Discussion
Skeletonema sp. is the most dominant phytoplankton species in Tokyo Bay. Of the environmental variables selected for inclusions in this study through evaluation of the multiple regression equation and the standardized multiple regression equation, the following six explanatory variables with a close relationship to red tide were selected (Iwasaki,1980; Okaichi, 1997 Skeletonema sp. was to provide normality and also to create the equation with high contribution ratio, but the contribution rate was higher than them, which allowed to accomplish it. phytoplanktons, such as Skeletonema, which lack the ability to actively move within the water column (Yoshida et al., 1998) .
On the other hand, the relation between T-P and DOC, DO and pH, which can be assumed when using suppressor variables from the above. There is naturally a high correlation between air temperature and water temperature. For the relationship between pH and DO, as photosynthesis proceeds, both DO and pH increase. The level of correlation between T-N and T-P can be considered to be caused by Redfield ratio, which is phytoplankton's nutrition intake ratio if most of them are from phytoplanktons although intake concentration and outward concentration differ.
Another factor in determining the ratio of N:P is the chemical composition of agricultural fertilizer, industrial effluent water and sewage that enters enclosed bodies of water. In the data categorized by growth condition, if the determined N:P ratio is larger than 16, P is considered to be limiting. Historical accumulation of T-N and T-P in Tokyo Bay and Ise Bay cannot be easily removed, and the P budget must specifically be investigated in this equation.
According to Okaichi (1997) , the major limiting factor of Skeletonema proliferation is P, and volume of proliferation increases by lack of P, and sometimes can be induced by adding P alone. A report in Okaichi's book shows that the nutrient salt content of Skeletonema sp. differs from the Redfield ratio and that P content is remarkably large (Manabe, 1979; . This explains why Skeletonema sp. is one of the species that is sensitive to P remediation. Auxotrophy differs by type of plankton, and while inorganic N and P are the main nutrients in supporting red tide events, these are rarely related to the occurrence of dinoflagellate red tides (Iwasaki, 1980) . Taken together, both T-P and T-N load were changed by the implementation of the TPLCS and, consequently, Skeletonema sp. and the Red Tide Index changed at the same time. It is very likely the link between T-P load in sea water and the Red Tide Index was not clear because both T-N and T-P loads were significantly reduced by the Fifth TPLCS, which changed the envi-ronmental factor linkage.
On the other hand, in a comparison of coefficients of simple correlation and standardized multiple regression, T-P was not a significant explanatory variable related to the Red Tide Index before and after the Control. However, the changes in the equation before and after the implementation of the Fifth TPLCS are relevant, and therefore, it is highly possible that Red Tide Index log phase Skeletonema sp. and such environmental linkage also changed before and after the implementation of the Fifth TPLCS. This suggests that N and P load reduction has the possibility to change the course of S. costatum red tide occurrences.
The impact of the Fifth TPLCS years its implementation is most evident in the reduction of N and P loading. However, many aspects related to the impact still remain to be elucidated, such as the effect of N and P residence time and P elution from the sea sediments.
